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Abstract
Minimum Miscibility Pressure (MMP) is regarded as one of the foremost parameters required to be measured in a CO2 injection process. 
Therefore, a reasonable approximation of the MMP can be useful for better development of injection conditions as well as planning 
surface facilities. In this study, the impact of asphaltene content ranging from 3.84 % to 16 % on CO2/heavy oil MMP is evaluated. In this 
respect, slim tube miscibility and Vanishing Interfacial Tension (VIT) tests are used. Regarding the VIT test, the Interfacial Tension (IFT) is 
measured by means of two methods including pendant drop and capillary apparatuses, and thereafter the MMP measurement error 
between slim tube and VIT methods are calculated. Based on the results, by increasing the asphaltene content, the measured MMP 
by slim tube method increases linearly while that by VIT follows no clear trend. The results also indicate that there is an asphaltene 
content range within which the MMP error between slim tube and VIT tests is minimized. IFT measurement by pendant drop and 
Capillary Glass Tube (CGT) methods show that by increasing asphaltene content up to 10.15 %, IFT declines, whereas for further 
increase in content, IFT increases because of the irregular dispersion of asphaltene in oil droplets.
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1 Introduction
Carbon dioxide injection processes can improve oil recov-
ery and reduce greenhouse gas emissions simultaneously 
via sequestration of CO2 in oil reservoirs [1]. In fact, 
by CO2 injection, a huge volume of gas is dissolved into oil 
phase, and thereby reducing Interfacial Tension (IFT) and 
oil viscosity [2]. One of the most fundamental parameters 
which should be taken into consideration is the Minimum 
Miscibility Pressure (MMP) which strongly depends on oil 
composition and temperature in CO2 / Oil systems [1–3]. 
It is generally known the heavy fraction of crude oil is 
mainly comprised of four groups including asphaltenes, 
saturated hydrocarbons, resins, and aromatics [4]. In partic-
ular, while the CO2 injection process is performed, the phe-
nomenon of asphaltene precipitation is one of the most 
challenging issues which should necessarily be addressed. 
This phenomenon causes many problems such as pore 
blockage and wettability alteration within reservoir porous 
media and unfavorably affects the sweep efficiency [5–8]. 
Hence, measuring the effects of asphaltene content over the 
MMP is of paramount importance in CO2 / oil systems, 
specifically at high temperatures and pressures [9–11]. 
The most common MMP measurement method in indus-
try is the slim tube miscibility test, which is proved to be 
relatively accurate and reliable according to previous stud-
ies [2], in which CO2 meet oil in a long porous medium 
based on the multi-contact mechanism. However, despite 
its reliability, this method suffers from several shortcom-
ings such as being almost expensive and time-consum-
ing, particularly in the presence of heavy fractions such as 
asphaltenes. In addition, asphaltene precipitation can block 
its porous medium, yielding inaccurate results. To address 
the faults associated with the slim tube test, the Vanishing 
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Interfacial Tension (VIT) technique can be used as a satis-
factory substitute since it is comparatively more cost-effec-
tive and time-saving [5, 12–14]. However, the MMP mea-
sured by VIT test is usually higher than that by the slim tube 
in a CO2 / light oil system. In fact, the VIT measurement is 
accompanied by error, and thus the MMP values obtained 
by this method needs to be corrected. In confirmation, 
regarding our previous works [13, 14], the measured MMP 
by VIT method (Pendant drop method) is distinguishably 
different from that by the slim tube test. Actually, it is typi-
cally overestimated by the VIT method, especially for light 
oils, and therefore the extrapolated MMP at which the IFT 
is zero does not match with the estimated MMP by the slim 
tube. This difference is mainly attributed to the media type 
where gas and oil contact with each other. In fact, the media 
related to slim tube is porous and a multiple contact mis-
cibility process occurs in oil/gas system, whereas in VIT 
the gas and oil contact with each other in a bulk media, 
and represents a first contact miscibility. In order to correct 
the pressure at zero IFT in the IFT measurement approach, 
Ghorbani et al. [14] proposed a correlation. They also inves-
tigated the effects of several parameters on MMP such as 
oil components and temperature. Previously, numerous 
studies concerning the Interfacial Tension (IFT) of CO2-
asphaltenic oil systems have been done [15–18]. In this 
respect, Zolghadr et al. [19] deals with evaluation of MMP 
for a number of oil samples and CO2 using VIT technique 
(pendant drop method). Their results showed that the IFT 
slope is different for paraffinic hydrocarbons and diesel 
fuel. In another experimental study, they understood that 
the MMP corresponding to heavier components such as 
hexadecane and CO2 was nearly identical to that related to 
diesel fuel and CO2 . In addition, they found that the IFT 
slope versus pressure obtained for the two paraffinic sam-
ples was virtually identical, regardless of the test tempera-
ture, while it was different for the diesel fuel when high 
pressures are tested. It should be noted that according to 
literature [15, 20], different linear slopes were observed 
at different temperatures. Besides, it is worth noting that 
the change in the slope of VIT curve starts at the beginning 
of the asphaltene precipitation [15]. Generally, the equilib-
rium IFT line changes both upwardly and downwardly ver-
sus the inverse of the equilibrium pressure for a medium 
oil type. Indeed, the IFT goes up abruptly, and afterward 
declines suddenly. The sudden increase can be owing 
to the existence of asphaltene, and fast separation of light 
components. Before this period, various light constituents 
may start separation from the oil sample. Thus, during 
this period, the IFT measurement can be between CO2 
and heavy components of oil [21]. Kazemzadeh et al. [22] 
studied the asphaltene precipitation through estimat-
ing the interfacial tension between CO2 and CH4 in addi-
tion to CO2 and different types of oil containing various 
asphaltene contents. Based on their results, asphaltene 
precipitation phenomenon happens provided that the cov-
erage of surface beat a threshold value. In another study 
performed by Saini and Rao [23], the IFT was calculated 
for two different samples of live oil (both recombined) and 
CO2 at various pressures higher than 17.87 MPa (bubble 
point) where the temperature was 142 °C. They applied 
the VIT measurement technique along with an equation of 
state to define the Minimum Miscibility Pressure (MMP). 
Besides, Wang et al. [20], and Wang and Gu [21] analyzed 
three oil samples from Canada in the presence of CO2 using 
the VIT test. They realized that the equilibrium IFT gener-
ally declines linearly within three separate pressure ranges 
which can be justified by asphaltene precipitation as well 
as CO2 solubility in the oil sample, which makes it notice-
ably light. It is worth noting that the swelling of oil sample 
occurs under low pressures although strong extraction of 
light constituents at the beginning is prevailing under high 
pressures. This action approves the conditions to reach 
MMP under a multiple contact miscibility process.
In addition, Mahdavi et al. [24] assessed the effects 
of type and content of asphaltene over the IFT behavior 
in an oil and CO2 system. They understood that the IFT is 
directly proportional to the inverse of pressure, and the exis-
tence of asphaltene can affect the constant proportionality. 
Their results also demonstrated that both aromaticity and 
hydrogen deficiency of asphaltene molecules affects the IFT 
considerably. Khalaf and Mansoori [25] simulated asphal-
tene aggregation using molecular dynamics throughout 
the gas flooding process. According to their results, the start 
of the asphaltene aggregation strongly relies on its molec-
ular structure. Zheng et al. [26] proposed a novel method 
for MMP measurement called ODVM standing for oil drop-
let volume measurement. They found out that there is a lin-
ear relationship between the temperature and the MMP 
of oil and CO2 systems. Fathinasab et al. [27] determined 
the effect of water over the MMP at different conditions 
via VIT method. Their results indicated that the MMP goes 
up in the presence of water, and by increasing the water con-
tent, the MMP increases more notably. They also proposed 
different relationships to establish correlations between the 
IFT and MMP depending on pressure at specific tempera-
tures. Zhang et al. [28] reviewed the experimental approaches 
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to find the MMP of oil / gas systems. Accordingly, the core 
flooding and slim tube tests are the most suitable experi-
mental techniques to measure MMP, which are completed 
by VIT, rising-bubble apparatus and microfluidic tests. 
Chen et al. [29] developed a correlation in order to estimate 
the MMP in pure CO2 injection processes and impure ones. 
They indicated that by increasing the impurities including 
yH2S, xC2-C4 , and xC5-C6 , the MMP values decline, whereas 
by raising the temperature, presence of MWC7+ , yCO2 , and 
yC1 contributes to MMP increase.
In this study, the effect of asphaltene content on the 
MMP during CO2 injection process is examined for sam-
ples with asphaltene content between 3.84 % and 16 % 
by slim tube and VIT (Pendant drop method) tests. 
Moreover, a microscopic study and the capillary IFT mea-
surement method are employed for further understanding 
of asphaltene content effect.
2 Experiment and materials
2.1 Fluids
In this study, heavy oil from the Middle East carbonate 
reservoir was selected to be analyzed. The oil composi-
tion is listed in Table 1. The crude oil has the American 
Petroleum Institute (API) of 18.2 and molecular weight 
of 340.7. The original oil asphaltene content was 
about 13.20 %, which was measured by IP143 method. 
The asphaltene particles were firstly separated from the 
original crude oil sample by centrifugation method. 
Following that, the diasphaltened oil was used as the base 
sample, and then in order to synthesize the intended oil 
samples, 3.84 to 16 % of alsphaltne was added to the base. 
Furthermore, highly pure CO2 was injected to the prepared 
samples to conduct the experimental analyses involving 
IFT measurements and slim tube flooding.
2.2 Fluid preparation
For this purpose, 72 liter of the original crude oil was 
diasphaltened by the centrifugation method (using 6 L 
Beckman centrifuge (J6-MI High Capacity Centrifuge)) 
to purposefully collect solid asphaltene particles to uti-
lize them for providing oil samples with different asphal-
tene contents. After running the centrifugation at the rota-
tional speed of 5000 rpm for 72 hr, the separated liquid 
part was passed through a filter (Whatman™ 1442-125 
Ashless Grade 42 Quantitative Filter Paper, Diameter: 
12.5 cm, Pore Size: 2.5 µm) by Buchner funnel and 
vacuum separation to segregate the probable aggregated 
asphaltene particles in the oil sample. Afterward, the IP143 
test was used in deasphaltened oil to measure the amount 
of its remained asphaltene content, which obtained to be 
about 3.84 %. Therefore, the sample containing 3.84 % of 
asphaltene was considered as the base to prepare the tar-
geted samples by adding and mixing enough powder of 
separated solid asphaltene. In this regard, firstly, solid 
parts were mixed with n-heptane and allowed to stand 
for two days. Thereafter, the solution was passed through 
a filter to separate asphaltene particles. Since asphaltene 
can be dissolved in toluene, all separated solid particles 
were solved in toluene, and subsequently the solution was 
heated slowly, up to the point that only solid asphaltene 
particles were retained. The retained solid particles were 
then crushed to powder, and added to the reference oil.
Next, all synthesized samples were tested to check 
their asphaltene content. All the synthetic oils were 
allowed to stand for 3 days. Following that, the oil sam-
ples were examined visually in order to see any asphaltene 
deposition in containers. Above 16 % of asphaltene con-
tent was deposited, so synthesizing oil samples contain-
ing above 16 % asphaltene were not appropriate for this 
study. Also, asphaltene content related to seven samples 
of 3.84 %, 7 %, 10.15 %, 12 %, 13 %, 14 %, and 16 % 
was tested by IP143 to make sure that the samples con-
tained exactly the same concentrations as the reported val-
ues. Before conducting IP143 test, mixers were allowed 
to stand for 1 day. After that, two samples were chosen two 
be examined in order to consider any asphaltene gradient; 
the first one was taken from the bottom and the second one 
from the top of the container. The corresponding results 
agreed very well with ±0.2 % error, suggesting no asphal-
tene content gradient after one day. The experiments were 
Table 1 Composition of the dead oil
Component Mole (%)
CO2 0
C1 0.14
C2 0.4
C3 1.92
iC4 0.65
nC4 2.39
iC5 1.34
nC5 1.71
C6 3.43
C7 5.76
C8 6.50
C9 5.04
C10 4.43
C11 3.14
C12+ 63.15
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performed twice for each sample. Fig. 1 illustrates sche-
matically the procedure of preparing the synthesized oil 
samples with different asphaltene contents.
2.3 Slim tube test
Fig. 2 represents the schematic of the slim tube rig (DBR, 
15000 psi and 180 °C, David Robinson under Schlumberger 
authority). This is mainly comprised of a filled tube 
with homogenous media (18 m), pump, gas meter, glass 
separator, high-pressure visual cell, and Back Pressure 
Regulator (BPR). The washing process was carried out 
using methanol and toluene. In order to clean the porous 
media, toluene was injected at the rate of 10 cc/hr (at 80 °C), 
and continued until transparent toluene could be observed 
in the outlet. Then, it was flooded by methanol at the rate of 
15 cc/hr (at 80 °C) about 10 pore volumes to restore initial 
wettability of slim tube porous medium. To make it dry, 
air was flowed through porous medium for 24 hour and 
then it was vacuumed for 10 hour. Afterward, the dead oil 
along with CO2 (1cc/hr for 1.2 pore volumes [13, 21]) were 
injected to the slim tube. The outlet pressure was kept con-
stant by means of the back pressure regulator. This set of 
experiments was conducted at different pressures involv-
ing 13.78, 17.23, 24.13, 27.57, 31.02, 37.92 psi and the tem-
perature of 80 °C. For each pressure, oil swelling factor 
was considered to obtain recovery, and the correspond-
ing gas recovery and production rate were recorded [13]. 
The properties of slim tube rig are reported in Table 2.
2.4 IFT measurement apparatus
The employed experimental setup for the VIT measure-
ment is depicted in Fig. 3 (DBR, produced by Datis Energy 
Company as MRezaeeAO6 Model, 6000 psi 180 °C).
The VIT measurement method relies on the interfacial 
tension between oil and gas phases, which gives the MMP 
where the IFT of both phases reach zero. The fundamen-
tal concept of zero IFT originates from the fact that two 
Fig. 1 Schematic of flow-work in order to synthetize oil sample for this study
Fig. 2 Schematic of slim tube apparatus
Table 2 Dimensions and properties of the slim tube rig used in this study
Length 
(M)
Inner 
Diameter 
(cm)
Area 
( cm2 )
Pore 
Volume 
(cc)
Porosity 
%
Permeability 
(D)
18 0.516 0.209 120 33.4 6
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phases become totally miscible as the force which sepa-
rates them weakens, up to the point that there is no inter-
face between liquid and gas phases, and subsequently one 
phase is formed. As a result, by determining gas and oil 
IFT as a function of composition and pressure, and extrap-
olating the functions to the point at which the IFT is zero, 
the Minimum Miscibility Pressure (MMP) and Minimum 
Miscibility Composition (MMC) can be measured, cor-
respondingly. In this respect, the VIT method can be 
adopted to calculate the gas/oil IFT using the pendant drop 
technique which is conducted by ADSA software by the 
Young Laplace equation at different temperatures and 
pressures of the reservoir [6, 7, 25].
The main parts of the HP-HT pendent-drop instru-
ment (Fig. 3) are IFT visual cell, pump for injecting oil 
or gas, a vibration-free table, transfer cell, needle, sys-
tem of controlling temperature, lamp, digitally displayed 
pressure transducers, and a totally automatic imaging sys-
tem. The experiments associated with IFT measurement 
were carried out at the same conditions as the slim tube 
tests; i.e., at 80 °C and 6.89, 13.78, 20.68, 24.13, 27.57 and 
31.02 MPa. Also, to check repeatability of results, all tests 
were conducted twice, yielding the same results.
2.5 Capillary method
This capillary technique is known as the oldest one 
regarding the measurement of the Interfacial Tension 
(IFT). This method is based on the transformation of liq-
uid to a glass-made capillary tube arising from the appear-
ance of surface tension at the interface of gas and liquid. 
Thus, to determine the surface tension of liquid, the cap-
illary tube is dipped to the liquid sample. The capillary 
IFT measurement apparatus is illustrated in Fig. 4 (DBR, 
8500 psi at 150 °C). The visual box had a glass-made 
capillary tube with 0.8 mm I.D, 3 mm O.D and 98 mm 
height and was located inside an oven which was insu-
lated. The design rating of the optical cell was 58.60 MPa 
at 150 °C. VINCI Densitometer Anton Paar DMA HPM 
(68.94 MPa and 200 °C) was employed to calculate densi-
ties at high temperatures and pressures. Auto Displacement 
Pump (DBR model, 1 cc/hr accuracy, 10000 psi and 
ambient condition) and Handy pump were used to inject 
the targeted fluid rate accurately and supply the pressure 
needed to conduct the experiments. The pump was com-
posed of a cylinder and piston, which was charged by dis-
tillated water and connected to two Transfer Vessels (TV). 
The first TV was connected to the top of Visual box and 
filled with pure CO2 while the second one was connected 
to the bottom, and used to inject synthesized oil samples 
into the visual box. For all the tests, visual box was filled 
by CO2, and then 10 cc of oil sample was injected into it. 
During oil sample injection, pressure was controlled 
by back pressure regulator which was linked to the top 
of visual box and CO2 injection pump. IFT measurement 
by this method was performed and analyzed after 15 min-
utes of oil sample injection by measuring oil height in the 
capillary glass tube. All parameters including pressure, 
temperature and recording images (high resolution cam-
era by focusing power of 500 times magnification) were 
stored in data acquisition system and analyzer. The cap-
illary tube measurements were done twice at 13.78 MPa 
pressure and 80 °C temperature for each synthesized oil 
sample to assure the repeatability of the tests.
Also, the local asphaltene content related to top and bot-
tom oil droplets was measured by capillary tube method. 
The procedure of local asphaltene content measurement is 
represented in Fig. 5.
Fig. 3 Schematic of VIT
Fig. 4 Capillary glass tube IFT measurement schematic
484|Ghorbani et al.Period. Polytech. Chem. Eng., 64(4), pp. 479–490, 2020 
3 Results and discussion
After running slim tube experiments and VIT (pendant drop 
apparatus) for seven synthesized oil samples with different 
asphaltene contents, the corresponding results regarding 
MMP measurement are summarized in Figs. 6 to 8.
The data in Fig. 8 show the break in slopes of the recov-
ery curves, at different pressures, for all the concentra-
tions of asphaltene in the oil sample. There are distinguish-
able differences in recovery, which can presumably be 
the result of asphaltene precipitation in the homogeneous 
porous medium of the slim tube. In fact, due to precip-
itation of asphaltene particles in the porous medium, 
the recovery declines.
Also, it should be noted that at the slim tube porous 
medium with the multi contact miscibility mechanism, 
light oil compositions are quickly separated and trans-
ferred into CO2 , and thus heavy components are left. 
These heavy compositions of crude oil reduce the solu-
bility of CO2 gas at a constant pressure for all slim tube 
experiments [30]. Therefore, it leads to a decrease in CO2 
solubility, and consequently an increase in the MMP. 
In this case, the VIT tests not only performed at PVT cell 
but also it is not recovery base, and however the VIT test 
were run to consider the asphaltene concentration effect 
on MMP by measuring IFT.
According to Fig. 8, for the slim tube test, the MMP 
value increases linearly by increasing the asphaltene con-
tent. The line passed through MMP-asphaltene content 
data obtained by slim tube tests can almost be divided 
into three separate straight lines with different slopes 
including Slope 1 for the asphaltene content of: 3.84 % 
to 7 %, slope 2: 7 % to 14 % and slope 3: 14 % to 16 %. 
Although there is a subtle difference between these 
three slopes, reflecting the effect of asphaltene content 
on the MMP, and also revealing that the middle range 
Fig. 5 Analyzing flow-chart of measuring local IFT for a drop
Fig. 6 VIT results for seven synthesized oil with asphaltene content in the range of 3.84 % to 16 % at 80 °C temperature, IFT was measured 
by pendant drop method
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Fig. 7 Recovery factor Vs. pressure for each Slim tube saturated by synthesized oil samples with different asphaltene contents and 
MMP measurement of: 3.84 % MMP: 26.34, 7 % MMP: 26.54, 10.15 % MMP: 26.98, 12 % MMP 27.31, 13 % MMP: 27.48, 
14 % MMP: 27.73 and 16 % MMP: 28.04 MPa
Fig. 8 MMP results for 3.84 %, 7%, 10.15 %, 12 %, 13 %, 14 % and 16 % asphaltene content of synthesized oil samples which are measured 
by slim tube CO2 flooding and VIT method (Pendant drop)
of asphaltene content (7–14 %) exerts a more significant 
effect over the MMP. This can actually be ascribed to the 
increase in heavy compositions of oil content, and thereby 
decreasing the solubility of CO2 . Asphaltene precipita-
tion, which could happen during the slim tube flooding, 
would raise the MMP value of the synthesized oil-CO2 
system. As mentioned previously, slim tube tests are 
strongly reliable, but they are very time-consuming and 
expensive rather than VIT method [9, 12–14]. However, 
VIT method has some drawbacks such as first contact 
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miscibility, lack of porous media and heavy oil component 
effect [9, 12–14]. In our previous study conducted by VIT 
method Ghorbani et al. [13], asphaltene content in the 
heavy oil exerted a different effect over the MMP relative 
to light oil. Hence, in this study, it is dealt with compar-
ing MMP results measured by slim tube and VIT tests. 
Also, the measured MMP by VIT are obtained by extrap-
olating IFT/Pressure inverse line at zero IFT.
In addition, it is observed that the MMP calculated 
by VIT tests does not follow a clear trend towards increas-
ing the asphaltene content. Based on Fig. 8, as the base oil 
becomes richer in asphaltene (up to 10.15 %), the MMP 
decreases, but by further increase in asphaltene, the MMP 
tends to follow and ascending trend. Besides, the MMP 
measurement error is depicted in Fig. 9, indicating 
that for the asphaltene concentration of above 10.15 %, 
the MMP measurement error tends to decline.
By comparing the results of Figs. 8 and 9, it can clearly 
be deduced that the effects of asphaltene content on MMP 
are more noticeable by VIT technique. The results of 
IFT value measured by Capillary Glass Tube (CGT) 
method at 13.78 MPa and 80 °C are illustrated in Fig. 10. 
Accordingly, the increasing trend of IFT versus asphal-
tene content by CGT method is thoroughly linear; how-
ever, this trend is not the same as the pendant drop 
method. In fact, it behaves as a second order polynomial 
which is nearly identical to the measured MMP by VIT 
test (Fig. 11). By analyzing the oil droplet, it is revealed 
that the asphaltene particle distribution on the oil droplet 
surface is different for each point of oil drops (Fig. 12).
The oil samples have been taken with highly accurate 
needle sampler (Agilent Gold Standard Syringe, 0.5 µL 
total volume, 0.02 µL accuracy and Part No. 51885246- 
D03-A8390) from synthesized oil with 12 % AS con-
tent to measure the amount of local asphaltene con-
tent at 0.6894 MPa and 80 °C by CGT apparatus [31]. 
Also, 20 µL n-heptane was added to the samples and 
allowed to be in contact for 10 minutes prior to analysis 
with a microscope (see Fig. 13).
According to Fig. 12, microscopic images of asphaltene 
particles in oil samples from the top (Fig. 12 (A)) and bot-
tom (Fig. 12 (B)) of oil droplet are not identical. Indeed, 
the top sample has less and smaller asphaltene particles 
in comparison with the bottom one. Accordingly, the aver-
age asphaltene particle size for top and bottom samples are 
about 3.2 and 8.6 µm, respectively. Also, the amount of 
local asphaltene content is obtained to be 4.8 % and 14.6 % 
for the top and bottom samples, correspondingly.
Following that, two samples are synthesized 
with exactly the same asphaltene content as the top and 
bottom samples (i.e., 4.8, and 14.6 %) to obtain the cor-
responding IFT values. As a result, IFT values mea-
sured by CGT method for 4.8 % and 14.6 % AS content 
are approximately 29.16 and 37.43 mN/m, respectively. 
Fig. 9 Error of measured MMP by VIT (Pendant drop IFT measurement)
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These local IFT variations are in fact the main reasons 
for the difference in IFT value measured by CGT and 
pendant drop methods. This also clarifies why the MMP 
measurement error between VIT and slim tube for asphal-
tene content of above 10.15 % is lower. These local differ-
ential IFT in one oil drop in the existence of CO2 at the 
pendant drop may accidently compensate for the effect of 
porous medium in the slim tube on MMP measurement.
Typically, surface tension (σ) relies on chemical com-
position as well as temperature at the interface. As a con-
sequence, either temperature or chemical composition 
gradient can lead to IFT gradients, and thereby inducing 
Marangoni flows at an interface [32]. Here, since tempera-
ture is a constant parameter, heavy oil components can 
mainly contribute to the difference in the IFT associated 
with pendant drop by exerting an extra force on the oil 
droplet. The tangential stress balance can be calculated 
at a free surface according to the following equation:
n T t t⋅ ⋅ = − ⋅∇σ ,  
where n denotes the unit outward normal to the surface, and 
t is connected with unit tangent vector. The hydrodynamic 
Fig. 10 IFT measurement with capillary glass tube and pendant drop for synthesized oil / CO2 system. Synthesized oil samples with asphaltene content 
ranging from 3.84 to 16 %
Fig. 11 Error of measured IFT by Pendant drop (Dash line) base on asphaltene content of oil samples for 13.78 MPa pressure and 80 °C temperature 
and stretch line shows MMP error of VIT test which vary with asphaltene content. It can be seen that the error of IFT measurement for lower 
asphaltene content (Less than 10.15 %) is greater than that of higher content, while this is reverse for the error associated with the MMP value.
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